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INTRODUCTION 

While  dwarfmistletoe  ( Ar c e uthob ium  americanum  Nutt.  ) 
has  been  recognized  for  many  years  as  one  of  the  worst  enemies 
of  lodgepole  pine  throughout  the  Rocky  Mountains  (1,   2,  5), 
little  information  has  been  available  on  its  abundance  or  its 
ultimate  effect  on  the  host.    In  the  central  Rockies,  general 
observations  have  indicated  that  a  problem  exists,  but  its 
magnitude  usually  has  been  underrated. 

As  the  utilization  of  lodgepole  pine  has  increased  in  recent 
years,  the  need  for  quantitative  information  on  dwarfmistletoe  has 
also  increased.    To  meet  this  need,  a  damage -appraisal  survey 
was  made  in  1953-55.    As  planned  in  consultation  with  Region  2 
of  the  U.  S.  Forest  Service,  the  survey  was  restricted  to  the  Big- 
horn and  Medicine  Bow  National  Forests  in  Wyoming  and  the 
Roosevelt  National  Forest  in  Colorado.    These  forests  contain 
some  of  the  better  commercial  lodgepole  pine  areas  in  the  region. 

METHODS 

The  survey  was  conducted  in  two  stages.  In  the  first  stage, 
the  incidence  and  intensity  of  dwarfmistletoe  was  determined  in  a 
roadside  reconnaissance.  In  the  second  stage,  damage  caused  by 
the  parasite  was  determined  on  a  series  of  line  plots. 
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In  the  roadside  reconnaissance,  all  passable  roads  through 
the  lodgepole  pine  type  were  traversed  skjwly  (less  than  10  miles 
per  hour)  in  a  motor  vehicle.    The  following  information  was 
recorded: 


Type  of  stand 

Virgin 
Cuto  ver 

Regenerated  burn 

Predominant  size  class 

Merchantable:  Trees  over  9o  6  inches  d,  boh. 

Large  poles:  Trees  5.  6  inches  to  9.  5  inches  d,  b.h. 

Small  poles:  Trees  6  feet  high  to  5,5  inches  d.  b,h. 

Saplings:  Trees  under  6  feet  high 


Intensity  of  dwarfmistletoe  in  a  roadside  strip 


Light:  Less  than  1/3  of  trees  in  predominant  size 

class  infected 
Moderate:       1/2  to  Z/ 3  of  trees  in  predominant  size 

class  infected 
Heavy:  More  than  2/3  of  trees  in  predominant 

size  class  infected 


The  strip  was  taken  on  the  right  side  of  the  road;  its  width  was 
varied  with  the  type  of  stand:    1  chain  in  virgin  and  cuto  ver  stands; 
1/2  chain  in  pole  stands.    Distances  to  the  nearest  0.  05  mile  were 
recorded  whenever  changes  were  observed  in  type  of  stand  or  in 
the  degree  of  infection. 

In  the  second  stage  of  the  survey,  lines  with  eight  0.  1-acre 
circular  plots  per  mile  were  run  in  problem  areas  representative 
of  each  ranger  district.    Starting  points  for  the  lines  were  located 
mechanically  and  without  reference  to  presence  or  absence  of 
dwarfmistletoe.    At  each  location,   2  parallel  lines,  each  at  least 
1  mile  in  length,  were  run  in  1  of  the  8  major  compass  directions, 
with  primary  emphasis  on  obtaining  cross  sections  of  drainages. 
Plot  locations  along  the  line  were  predetermined  from  random 
number  tables.    Distances  between  the  2  lines  were  randomized 
but  were  not  less  than  20  or  more  than  40  chains  apart. 
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RESULTS 

Incidence  and  Intensity  of  Dwarfmistletoe 

The  following  summary  of  the  roadside  reconnaissance  by 
administrative  units  was  made  showing  the  total  miles  traveled 
through  the  commercial  lodgepole  pine  type,  the  sum  of  mileages 
of  roadside  strips  through  dwarfmistletoe -infected  stands,  and 
the  percentage  of  dwarfmistletoe  infection: 


Administrative  unit 


Roosevelt  National  Forest 
Poudre  Ranger  District 
Redfeather  Ranger  District 
Laramie  River  Ranger  District 


Medicine  Bow  National  Forest 
Centennial  Ranger  District 
Foxpark  Ranger  District 
Keystone  Ranger  District 
Brush  Creek  Ranger  District 
Encampment  Ranger  District 


Bighorn  National  Forest 
Tongue  Ranger  District 
Tensleep  Ranger  District 
Buffalo  Ranger  District 
Goose  Ranger  District 


All  Administrative  Units 


Total 
miles 
traveled 


Miles 
traveled  through 
infected  stands 


(No.  ) 

(No.) 

(Pet. 

23.  40 

10.85 

46 

74.  20 

35.  30 

48 

72.  05 

42.7  5 

59 

i  07,  DD 

ftft  on 
oo.  7U 

36.  15 

16.  90 

47 

1  C  1  "7 

nC  Lc 
9d.  DD 

64 

82.80 

42.  30 

51 

62.  40 

42.  45 

68 

34.  10 

17.  50 

51 

367. 15 

215. 80 

59 

42.  40 

9.75 

23 

29. 10 

10.  20 

35 

41.  65 

13.  40 

32 

32,  75 

11.  20 

34 

145.  90 

44.  55 

31 

682.  70 

349.  25 

51 

Dwarfmistletoe  was  present  on  slightly  more  than  half  of  the 
roadside  strip,  but  was  markedly  less  frequent  on  the  Bighorn 
National  Forest  (31  percent)  than  on  the  Roosevelt  and  Medicine 
Bow  National  Forests(52  and  59  percent,  respectively).    The  lowest 


-  3  - 


frequency  was  found  on  the  Tongue  Ranger  District  of  the  Bighorn; 
the  highest  was  on  the  Brush  Creek  District  of  the  Medicine  Bow 
National  Forest. 

The  incidence  of  dwarfmistletoe  in  virgin  and  cutover  stands 
and  in  regenerated  burns  as  determined  by  percentage  of  roadside 
strip  infected  was  as  follows: 

Regenerated 


National  Forest 

Virgin 

Cutover 

burns 

(PCto  ) 

(Pet.  ) 

(Pet.  ) 

Roosevelt 

57 

67 

30 

Medicine  Bow 

51 

70 

27 

Bighorn 

32 

48 

16 

All  forests 

49 

66 

24 

This  shows  that  the  relative  importance  of  the  parasite  in  the 
three  types  of  areas  was  similar.  Dwarfmistletoe  was  more  wide- 
spread in  cutover  areas  than  in  virgin  stands  in  all  ranger  districts 
surveyed. 

A  comparison  of  the  intensity  of  dwarfmistletoe  in  both  virgin 
and  cutover  stands  and  in  regenerated  burns  is  shown  in  figure  1, 
Dwarfmistletoe  was  heavy  in  two-fifths  of  the  cutover  stands,  which 
accoianted  for  slightly  more  .than  one -half  of  the  lodgepole  pine  type 
covered  by  the  roadside  reconnaissance  (fig,  1).    In  addition,  dwarf- 
mistletoe was  light  to  moderate  in  one-fourth  of  the  cutover  areas. 
Figures  2  and  3  illustrate  heavily  infected  areas,  which  have  been 
cutover.    More  than  one -fourth  of  the  virgin  stands  were  heavily 
infected.    One  such  stand  is  illustrated  in  figure  4, 

Essentially  all  pole  stands  included  in  the  survey  were  located 
on  burns.    Usually,  the  fires  had  been  severe  enough  to  destroy  a 
large  proportion  of  the  infected  overstory  trees,  and  hence  many  of 
the  young  stands  developing  in  the  burns  have  not  been  exposed  to 
infection.    From  figure  1,  it  can  be  seen  that  the  proportion  of 
heavy  infection  in  regenerated  burns  was  about  one -fourth  that  of  the 
combined  areas  of  light  and  moderate  infection,  while  in  both  virgin 
and  cutover  stands  the  percentage  of  heavily  infected  stajids  exceeded 
the  combined  totals  for  lightly  and  moderately  infected  areas. 
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Figure  1,  -  -Comparison 
of  dwarfmistletoe 
incidence  and  intensity 
in  virgin  stands,  cut- 
over  areas,  and 
regenerated  burns 
covered  by  the  road- 
side reconnaissance. 
The  figures  above 
each  bar  indicate  the 
proportion  of  each 
type  of  stand  in  the 
areas  covered. 


a!  60' 


20- 


m. 


DWARFMISTLETOE  -  HEAVY 
PWARFMISTLETOE  -MODERATE 
DWARFMISTLETOE  -LIGHT 
NOT  INFECTED 


22 


27 


VIRGIN  CUTOVER 


REGENERATED 
BURNS 


Figure  2, --Heavily 
dwarfmistletoe - 
infected  lodge - 
pole  pine  stand 
in  the  Roosevelt 
National  Forest, 
Colorado,  about 
10  years  after 
cutting.  Only 
merchantable  - 
sized  trees 
were  cut. 
Subsequent 
mortality  in 
the  residual 
trees  has  been 
high,  but  many 
infected  residual 
trees  have 
survived  and 
will  infect  the 
young  stand. 


"mm^d-  «*--^%x§',,;< '^-Mw 

>.*£■,.  »  ■■■■  ■  t  ■       >  ^7  »■ 
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Figure  3o  -  -Heavily  in- 


fected lodgepole  pine 
stand  in  the  Roosevelt 
National  Forest,  Colo- 
rado, about  2  years 
after  cutting.  The 
clear  cutting  in  this 
area  has  been  much 
more  complete  than 
in  the  stand  shown  in 
figure  2o    While  most 
of  the  residual  trees 
are  dead  or  will  die 
within  a  few  years,  a 
mistletoe-free  young 
stand  could  be  assured 
by  felling  all  infected 
trees  before  reproduc- 
tion becomes  established. 


Figure  4,  --A  heavily  infected  virgin  stand  on  the  Bighorn  National 
Forest,  Wyoming,    Nearly  every  tree  in  the  over  story  is  infected, 
as  evidenced  by  the  dense  witches '-brooms  induced  by  dwarf- 
mistletoe.    Note  the  common  occurrence  of  spike-tops. 
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Lodgepole  pine  dwarfmistletoe  is  relatively  more  frequent 
on  slopes  and  ridges  than  in  bottoms,  according  to  data  recorded 
for  the  line  plots: 


Position 


Plots  in  commercial 
lodgepole  pine  type 


Plots  with 
dwarfmistletoe 


--a~r  JT  -yjT- 

(No.  )  (Pet. ) 


(Pet,  ) 


Bottom 

Slope 

Ridge 


16 
376 
34 


4 
88 
8 


38 
74 
79 


Total 


426 


100 


73 


Nearly  90  percent  of  the  plots  were  located  on  slopes.  Inasmuch 
as  the  plots  were  purposely  located  in  problem  areas,  dwarfmistle- 
toe incidence  was  higher  than  in  the  roadside  strip  (73  as  compared 
with  51  percent). 


Infected  stands  had  lower  living  gross  volumes  than  uninfected 
stands.    Table  1  shows  the  effect  of  dwarfmistletoe  on  volume  based 
on  the  data  from  the  151  slope -type  plots  located  in  virgin  stands. 
Average  gross  merchantable  volumes  were  1.5  times  higher  on 
the  \ininfected  than  on  infected  plots.    The  lightly  infected  plots 
average  10,  110  board-feet  per  acre;  the  heavily  infected  ones, 
5,  280  board-feet.    On  cutover  areas,  which  are  not  included  in 
the  table,  the  average  gross  merchantable  volumes  were  5,  060 
board-feet  per  acre  in  iminfected  plots  and  3,  920  board-feet  in 
infected  plots. 

Recent  mortality  was  greater  in  infected  than  in  uninfected 
stands.    For  purposes  of  comparing  infected  and  uninfected  stands, 
recent  mortality  was  calculated  as  the  volume  of  standing  dead 
trees  with  bark  intact  expressed  as  a  percentage  of  the  gross 
vol-ume  in  both  living  and  dead  trees.    Recent  mortality  in  uninfected 
virgin  stands  was  800  board-feet  per  acre,  while  that  in  infected 
stands  was  1,  020  board-feet,  or  1.3  times  as  high.    The  difference 
between  percent  mortality  in  infected  and  uninfected  stands  (table  1) 
is  greater  than  1.  3,  since  past  mortality  and  growth  reduction 
caused  by  the  parasite  has  lowered  the  gross  volume  in  infected 
areas.    Mortality  in  cutover  stands  was  490  board-feet  per  acre 
(8,8  percent  of  gross  volume)  in  uninfected  plots  and  560  board- 
feet  (12,  5  percent  of  gross  volume)  in  plots  with  dwarfmistletoe. 


Dwarfmistletoe  in  Merchantable  Stands 
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Table  1.  -  -Effect  of  dwarf  mistletoe  on  volume  and  recent  mortality 
in  merchantable  lodgepole  pine  plots  in  virgin  stands 
(based  on  151  slope -type  plots) 


Stand  type 


Plot 
basis 


Gross  volume  per  acre 


Living    *  Dead 


Total 


Mortality 


No, 


—  Board-feet  -  - 


PCto. 


Not  infected  44 

Infected:^ 

Light  23 

Moderate  36 

Heavy  48 

Average  107 


10,  930 


800 


11,730 


7,  230     1,  020 


8,  250 


6.8 


10,  100  1,  180  11,  280  10.5 
7,  990     1,  150  9,  140  12.6 

5,  280-       850  6,  130  13.8 


12.4 


^  Based  on  the  average  amount  of  mistletoe  in  the  merchantable 
trees  on  each  plot. 


A  comparison  of  vigor  of  infected  and  uninfected  merchantable 
lodgepole  pine  in  virgin  and  cutover  stands  is  given  in  figure  5. 
About  65  percent  of  the  merchantable -sized  infected  trees  were  in 
the  poorer  vigor  classes  (C  and  D)  as  defined  by  Taylor  (7).  The 
comparable  figure  for  uninfected  trees  was  43  percent. 


TAYLOR'S  VIGOR  CLASS 


A        B       C  D 


lOOn 


UNINF.    INF.  UNINF.  INF 

VIRGIN  CUTOVER 


Figure  5.  -  -Comparison 
of  vigor  of  uninfected 
and  infected  merchant- 
able lodgepole  pine  in 
virgin  and  cutover 
stands    (Basis:  gross 
volixmes  of  2,  581  trees 
on  the  three  forests 
surveyed). 
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Dwarfmistletoe  in  Submer charitable -sized  Classes 


A  summary  of  the  number  of  stems  per  acre  and  mortality 
in  infected  and  uninfected  pole  stands  is  given  in  table  2.  Plots 
in  uninfected  stands  averaged  1«  5  times  as  many  stems  per  acre 
as  those  in  infected  ones  in  both  large  and  small  pole -sized  classes. 
In  large  poles,  mortality  in  infected  stands  was  5  times  greater 
than  in  mistletoe -free  stands.    However,  in  small  poles,  where 
suppression  is  the  most  important  mortality  factor,  the  proportion 
of  dead  trees  was  about  the  same  in  both  infected  and  uninfected 
areas. 


Table  2.  -  -Effect  of  dwarfmistletoe  on  number  of  stems 
per  acre  and  mortality  on  plots  located  in 
pole  stands 


Dwarf-  [ 
mistletoe  ] 
status  ] 

Plot  : 
basis  : 

Large  poles 
per  acre 

Small  poles 
per  acre 

Living 

;   Dead^  ' 

Living 

;  Dead^ 

No. 

No. 

Pet. 

No. 

Pet. 

Infected 

42 

121 

5 

606 

10 

Not  infected 

28 

188 

1 

969 

11 

Dead  standing  trees  with  bark  intact  as  percent  of 
total  stand  (living  plus  dead). 


Mortality  in  infected  large  poles  was  heaviest  in  virgin 
stands  (22  percent),  lighter  in  cutover  areas  (12  percent),  and 
lightest  in  pole  stands  (5  percent).    These  differences  are  probably 
related  to  the  length  of  time  the  stands  have  been  infected, 

'DISCUSSION    AND  RECOMMENDATIONS 

Results  of  the  survey  clearly  indicate  that  dwarfmistletoe  is 
a  major  problem  in  cutover  stands  of  lodgepole  pine.    In  the  past, 
because  of  economic  limits,  a  number  of  infected  trees  have  been 
left  on  practically  all  cutover  areas  (see  figs,  2  and  3),  Dwarf- 
mistletoe is  greatly  stimulated  in  such  residual  trees,  presumably 
because  of  improved  light  conditions.    This  increased  dwarf- 
mistletoe activity  in  partially  logged  lodgepole  pine  has  also  been 
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noticed  in  the  northern  Rocky  Mountains  {3)  and  in  the  Inter  mountain 
Region  (6),    Figure  2  shows  a  stand  that  was  cut  about  10  years 
before  the  photograph  was  made;  many  unmerchantable  stems  and 
a  few  merchantable -sized  trees  were  lefto    The  heavily  infected 
trees  have  passed  or  will  pass  the  dwarfmistletoe  on  to  the  younger 
treeso    The  stand  in  figure  3  illustrates  a  much  more  desirable 
condition.    Here,  cutting  was  more  complete  and  most  of  the 
remaining  trees,  although  heavily  infected,  are  dead  or  will  die 
before  they  can  seriously  infect  the  young  stand.    In  this  instancfe 
a  young  stand  free  of  dwarfmistletoe  could  be  assured  by  felling 
or  poisoning  the  few  remaining  infected  lodgepole  pines.    In  older 
cutover  areas  where  the  remaining  overstory  trees  have  already 
infected  the  young  stand,  dwarfmistletoe  control  will  be  consider- 
ably more  difficult.    The  lodgepole  pine  dwarfmistletoe  is  of 
academic  interest  only  on  Engelmann  spruce  or  subalpine  fir,  the 
trees  commonly  associated  with  lodgepole  pine.    There  is  no  danger 
of  these  species  harboring  the  parasite  and  infecting  the  young 
lodgepole  pine  reproduction, 

Dwarfmistletoe  can  be  controlled  in  mature  lodgepole  pine 
stands  by  appropriate  management  practices:    (1)   clear  cut  in 
blocks  or  strips,  (2)  lay  out  the  cutting  units  to  include  concentra- 
tions of  the  parasite,  (3)  locate  boundaries  through  \ininfected 
stands  where  possible,  (4)  remove  all  infected  trees  from  the 
cutover  areas,  and  (5)  treat  infections  in  the  reproduction  along 
boundaries  where  the  adjacent  stand  is  infected. 

Some  reinfection  of  the  young  stand  in  clear-cut  areas  will 
take  place  from  adjacent,  infected  stands  during  the  time  lodgepole 
pine  reproduction  is  being  established,  thus  it  is  apparent  that  any 
layout  of  clear-cut  areas  that  reduces  the  amoTont  of  perimeter 
between  infected  residual  stands  and  clear-cut  areas  is  desirable. 
Pre -sale  planning  should  include  delineation  of  dwarfmistletoe - 
infected  areas  (4).     If  infection  is  not  general  in  the  area  it  may 
be  possible  to  adjust  some  clear-cut  boundaries  to  coincide 
approximately  with  limits  of  infection.    If  this  is  done,  the  clear- 
cut  boundary  should  be  at  least  1  chain  beyond  the  limits  of 
visible  infection. 

Recent  unpublished  work  has  shown  that  the  maximum  distance 
dwarfmistletoe  will  progress  from  uncut  stands  into  reproduction 
is  about  30  feet  in  20  years.    Cutting  units  should  be  laid  out  to 
minimize  the  ratio  of  perimeter  to  the  area  by  keeping  blocks 
large  or  strips  wide.    Small  blocks  or  narrow  strips  are  definitely 
landesirable  from  the  standpoint  of  mistletoe  reduction  because  of 
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the  greater  proportion  of  the  area  subject  to  infection  from  uncut 
stands  adjoining  the  clear-cut  units.    For  example,  in  a  10-acre- 
square  block,   17  percent  of  the  area  lies  within  30  feet  of  the 
perimeter,  but  in  a  40-acre  block  the  area  within  the  zone  amounts 
to  9  percent  of  the  total  area. 

To  protect  the  new  reproduction  that  will  develop  in  clear- 
cut  areas,  all  infected  cull  or  submerchantable- sized  trees  left 
after  cutting  must  be  destroyed.    If  the  submerchantable -^ized 
stems  cannot  be  sold  for  small  products  (fence  posts,  mine  props, 
etc,  ),  they  must  be  cut  as  a  stand-improvement  measure  (4). 
If  this  work  is  not  done  in  conjunction  with  logging  operations,  it 
would  seem  best  to  postpone  it  for  a  few  years  after  the  stands 
are  clear  cut,  because  a  number  of  the  residual  trees  will  die 
soon  after  the  initial  cutting,  and  hence  lessen  the  amount  of  work 
necessary  (fig.  3).    The  primary  objective  is,  of  course,  to 
destroy  infected  residual  trees  before  they  can  infect  the  new 
reproduction. 

Direct  control  measures  will  be  necessary  to  treat  the 
young  trees  that  become  infected  before  the  adjacent  residual 
stands  are  cut.    Control  work  in  ponderosa  pine  indicates  that 
cix  felling  would  be  the  most  efficient  method  of  killing  infected 
reproduction.    The  amount  of  work  required  would  vary  greatly, 
depending  on  how  much  of  the  reproduction  is  adjacent  to  infected 
stands  and  on  how  long  such  residual  stands  are  left  after  the 
reproduction  is  established.    Infected  residual  stands  should  be 
harvested  as  soon  as  possible.    If  these  stands  are  cut  within 
10  years  or  so,  the  number  of  trees  needing  treatment  should 
be  relatively  small.    A  second  cleaning  about  5  years  after  the 
initial  operation  would  be  necessary  to  eliminate  infections  that 
were  either  overlooked  or  invisible  in  the  initial  cleaning, 

SUMMARY 

Estimates  on  the  incidence  and  intensity  of  lodgepole  pine 
dwar  finis  tie  toe  in  the  central  Rocky  Mountains  were  obtained  by 
traversing  all  passable  roads  through  commercial  lodgepole  pine 
stands  in  12  ranger  districts  on  3  national  forests  in  Colorado 
and  Wyoming.    Dwarfmistletoe  was  found  in  51  percent  of  the 
total  area  surveyed:  52  percent  on  the  Roosevelt  National  Forest, 
Colorado;  59  percent  on  the  Medicine  Bow  National  Forest, 
"Wyoming;  and  31  percent  on  the  Bighorn  National  Forest, 
Wyoming.    Infection  was  present  in  66  percent  of  the  cutover 
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stands,  in  49  percent  of  the  virgin  stands,  and  in  24  percent  of 
the  pole  stands  occupying  burns. 

Circular  0.  10-acre  line  plots  located  in  areas  where  dwarf- 
mistletoe  was  a  management  problem  provided  more  information 
on  damage  caused  by  the  parasite.    Virgin  stands  free  of  dwarf - 
mistletoe  had  nearly  1.  5  times  the  volume  of  infected  stands. 
Recent  mortality  rates  in  virgin  stands  with  dwarfmistletoe  was 
1.  3  times  that  in  the  uninfected  stands.    About  65  percent  of  the 
infected  merchantable -sized  trees  were  in  the  poorer  vigor 
classes  (Taylor's  classes  C  and  D).    The  comparable  figure  for 
uninfected  trees  was  43  percent. 

Stands  in  dwarfmistletoe -free  areas  averaged  1.  5  times  as 
many  poles  per  acre  as  infected  stands.    Mortality  in  large  poles 
was  directly  associated  with  the  presence  of  dwarfmistletoe;  but 
this  was  not  true  for  trees  in  the  small  pole -sized  class,  where 
suppression  is  a  more  important  mortality  factor, 
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